In diabetic adults, tight control of risk factors reduces complications.
D
iabetes is a leading cause of morbidity and mortality in the USA. 1, 2 Randomized controlled trials have demonstrated that tight control of risk factors 3, 4 and adherence to evidence-based Quality of Care (QOC) guidelines improves processes of care and patient outcomes. 5, 6 However, most adults with diabetes are still not adequately controlled. 7, 8 Few studies have examined both the processes and outcomes of care longitudinally in adults with diabetes, and most of those have typically collapsed 1 or more years of panel data for crosssectional analysis. 9 We therefore conducted a non-concurrent, prospective cohort study of 383 adults with type-2 diabetes in a managed care setting to determine the longitudinal relationship of process to outcomes of diabetes care.
METHODS Objective
To test the hypothesis that (1) sub-optimal control of glucose, blood pressure, and lipids is common and (2) in a patient population that is adherent to visits and monitoring of risk factors, suboptimal control is largely explained by physician failure to intensify therapy.
Participants
The study population was a cohort of federal employees and their dependents with type-2 diabetes enrolled in an academically affiliated managed-care program. The eligible population was identified based on the Health Plan Employer Data Information Set (HEDIS) criteria for diabetes: (1) diagnosis codes (ICD9 codes 250.xx, 357.2, 362.0 or 366. 41 ) and/or pharmacy prescription records for insulin or oral hypoglycemic agents; (2) 18-75 years old on 31 December 2000, with continuous enrollment from 1 January 2000-31 December 2000; and (3) seen for two or more primary care encounters, or one emergency room visit or hospital stay during 1 January 1999-31 December 2000. The total eligible population of 1,120 patients was then systematically sampled with an interval of 2 [1,120/433, i.e., (411+5%)]. While random sampling is ideal, systematic sampling is a valid approach when the target population is assembled and selected on an unrelated variable, like alphabetic surname.
Composition of Cohort
Standardized medical chart abstractions were completed for 407/411 patients (99%) based on American Diabetes Association (ADA) clinical practice guidelines. 10 Subsequently, patients were excluded due to pregnancy (n=1), dementia (n= 1), and name and medical records number mismatch (n=1). Electronic pharmacy data were incomplete for 21 patients. Thus, our final study population was 383 adults (93% of 411).
Data Abstraction
The medical chart provided data on visit frequency (to family physicians and internists), laboratory results, blood pressures, weight, and (in a subset) height (Table 1) . Enrollment data provided age, gender, and race. Administrative claims supplemented chart data on co-morbid conditions. Pharmacy records provided drug information and date of refills. These multiple sources of data were merged for the period 1 January 1999-31 December 2001. We generally considered the medical chart as the "gold standard" except for medication use, for which we relied on electronic pharmacy data, since it appeared more complete.
Exposure Assessment
In accord with the 1999 American Diabetes Association (ADA) guidelines, we considered patients to be in suboptimal control if the risk factors were "actionable" (drug therapy recommended): Hemoglobin A1c >8%, systolic blood pressure (SBP) ≥140 mmHg, and low density lipoprotein (LDL) cholesterol ≥130 mg/dl. The 2007 ADA guidelines have not changed in this regard.
When there was repeated monitoring in the same quarter, we used the lowest reading in order to capture the short-term impact of therapy. This minimized regression to the mean and built in a conservative bias in favor of the physician. When there was no monitoring during a quarter, we carried forward results from the previous quarter, mimicking ADA recommendations for longer monitoring intervals when risk factors are controlled.
We based our classification scheme for the adequacy of care during the 24 months (or 8 quarters) under review (1 January 2000-31 December 2001, with 1999 as baseline) on the 1999 ADA Clinical Practice Guidelines, designating ≥4 quarters with any visits, as "adequate" visits, and ≥4 quarters with A1c and SBP data, respectively, and ≥2 quarters with LDL data as "adequate" monitoring, still consistent with 2007 ADA guidelines.
For each quarter, we determined that intensification of therapy occurred if the dose of one or more medications was increased (without a corresponding decline in dose of another medication) or if a new medication was started. This is the definition of intensification commonly accepted in the literature. [11] [12] [13] We identified a "failure to intensify therapy" if during a quarter where risk factor control was deemed "actionable," (A1c>8%, SBP≥140 mmHg, or LDL≥130 mg/dl), but no corresponding intensification occurred.
Outcome Assessment
Blood glucose control was indicated by A1c. Adults were classified as hypertensive if they were taking antihypertensive medications at any time during the study period and/or had visits in two consecutive quarters where the minimum SBP readings were ≥140 mmHg. They were classified as hyperlipidemic if they were taking anti-lipid medications and/or had a minimum LDL cholesterol ≥130 mg/dl at any time during the period under review. Twenty-three patients (6%) had no LDL monitoring in 1999-2001. First, we assessed visit adherence effects on glycemic (A1c), blood pressure (SBP), and lipid (LDL) control among suboptimally controlled patients on oral medications who had baseline and final risk factor values (n=244, 337, and 226, respectively). Next, we assessed the impact of monitoring on risk factors by restricting the analysis to visit-adherent patients (n= 229, 314, and 226, respectively). Lastly, we assessed physician adherence with ADA treatment guidelines by restricting the analysis to visit and monitoring-adherent patients (n=133, 305 and 183, respectively) ( Table 2 ).
Statistical Analysis
Data from the 24-month period were collapsed into eight quarters of 3 months each, the recommended follow-up frequency for type-2 diabetes, to simplify the analysis, facilitate comparisons, and simulate clinical decision making in the context of visit-to-visit variability. Main outcomes were summarized as proportions or means with standard deviations. To assess potential confounding factors, simple linear regression was used to determine the association between outcome measures (final A1c, SBP, and LDL) and demographic and clinical exposures, including co-morbidities. We did not include clinic site in any of the models since this was not associated with any of the outcomes of interest (p>0.05). Older age (≥65 years) had higher utilization and better A1c control, but was otherwise similar to the young population. 14 We used multiple logistic regression to compare those who were suboptimally controlled, but not appropriately intensified, with their counterparts who were controlled, after adjusting for age, race, sex, co-morbidity, and baseline A1c, SBP, and LDL, respectively. Including provider in the model did not markedly alter the point estimates or confidence intervals.
To test the hypothesis that there was no change in the control of risk factors (A1c, SBP, and LDL) over the 24-month period, we stratified the baseline values for each risk factor into clinically significant groups. For example, for systolic blood pressure, the strata were <130, 130-139, 140-159, and ≥160 mmHg. Then for each strata, we used generalized estimating equations (GEE) 15 to assess whether the trajectory was significantly different from zero.
To determine if failure to intensify treatment predicted endof-interval (December 2001) values of A1c, SBP, and LDL, we then created ordinal categories of treatment intensification and tested for graded responses. We used multiple linear regression models that included age, sex, race, co-morbidity, and baseline A1c, SBP, and LDL, respectively, as covariates. From claims data, we determined overall burden of comorbidity, using ICD-9 codes and patient demographics to create resource utilization band (RUB) categories using a formula developed at Johns Hopkins University. 16 The higher the RUB, the higher the patient comorbidity. Including provider in the model did not markedly alter the point estimates or confidence intervals. All tests of significance were two-tailed, with an alpha level of 0.05. All statistical analyses were performed using STATA, Intercooled 
RESULTS
This cohort of 383 federal employees and their dependents with diabetes had a mean age of 63 years; 31% were AfricanAmerican and 59% male. Mean first A1c was 7.4% (SD 1.6%, range 4.5-14.9%). Hypertension prevalence was 87% (n=344), including 3% (n=10) undiagnosed and untreated. Hyperlipidemia prevalence was 84% (n =320), including 9% (n= 28) undiagnosed and untreated, but excluding 6% (n=23) who had no LDL test in 1999, 2000, or 2001.
Frequency of Visits and Monitoring
Over 24 months, patients made an average of ten primary care visits (Table 3) ; women made more visits than men (11 vs. 9; p<0.001). Ninety percent of the study population (n= 344) met minimal ADA guidelines for visit frequency (≥2 visits/year). Blood pressure monitoring occurred slightly more frequently for women (vs. men) and for blacks (vs. whites) ( Table 3) .
Longitudinal Trends in Control of A1c, SBP, and LDL Overall, A1c control was fairly good: mean baseline value was 7.5%, declining to 7.2% after 24 months. Compared to whites, African Americans were under poorer control at baseline, but showed greater improvement during follow-up (Table 3) . Patients with baseline A1c ≥7% showed steady improvement over 24 months (Fig. 1a) . Mean baseline systolic blood pressure was 136 mmHg and showed little change during follow-up (Table 3 ). In fact, only patients with baseline SBP ≥160 mmHg showed significant improvement; patients with baseline SBP between 140-160 mmHg showed no change over 24 months (Fig. 1b) . LDL cholesterol baseline control was good and improved substantially in all demographic groups during follow-up (Table 3) . Mean LDL significantly declined by 10.7 mg/dl (Table 3) . Patients with baseline LDL≥130 mg/dl showed the most improvement over the 24-month study period (Fig. 1c) .
Among patients with sub-optimal baseline control, there was intensification of therapy in approximately one of the eight quarters under review (Table 4) , and among those with all three risk factors, two risk factors, or 1 risk factor being "actionable," 2/25 (8%), 12/65 (18%), and 167/261 (64%), respectively, remained with the same number of sub-optimally controlled risk factors after 2 years. Among the patients with actionable A1c, SBP, and LDL at baseline, 25/125 (20%), 67/ 158 (42%), and 10/81 (12%), respectively, remained in suboptimal control after 2 years.
Failure to Adhere to Visits or Monitor Risk Factors
Patients who were least visit-adherent had a final mean A1c 0.72% significantly higher, final mean SBP 4.4 mmHg significantly higher, and a final mean LDL 12.3 mg/dl nonsignificantly higher than their counterparts who were more visit-adherent, even after adjusting for age, race, sex, comorbidities, and baseline values (Table 5) .
To isolate the effect of failure to monitor on control at the end of the 24 months, we limited our attention to subsets of patients who were visit-adherent (≥2 visits per year). We found that patients monitored the least had final mean A1c 0.83% higher, final mean SBP 9.5 mmHg higher, and final mean LDL 28.3 mg/dl higher than their counterparts who were adequately monitored, even after adjusting for age, race, sex, comorbidities, and baseline values. Both failure to visit and monitor appropriately showed graded relationships for final A1c, SBP, and LDL, with lower adherence and lower monitoring associated with higher mean final values (Table 5) . 
*Patients using insulin were excluded from the analysis because pharmacy records do not indicate dosage of insulin, so intensification cannot be determined †Patients without therapy and with all A1c≤8%, SBP<140 mmHg, or all LDL<130 mg/dl, respectively ‡<2 visit quarters and <2 monitoring quarters for LDL: ADA guidelines recommend monitoring once yearly, so at least two visits and two monitorings should have been done over the 2-year study period
Failure to Intensify Treatment
We next categorized each quarter of the 24-month interval as optimal vs. sub-optimal control, and if sub-optimal, whether therapy was intensified or not. To isolate the effect of failure to intensify therapy on control at the end of the 24 months, we limited our attention to subsets of patients who were visit-and monitoring-adherent. They had prescription refill rates of 79-90% for hypoglycemic and antihypertensive medications. In these sub-sets, failure to intensify showed strong, graded associations with control of glucose, SBP, and LDL cholesterol even after adjusting for age, race, sex, co-morbidities, and baseline risk factor values. There were 13/133, 113/305, and 8/183 patients with actionable A1c, SBP, and LDL, respectively, who had three or more quarters of failure to intensify therapy. Compared to their counterparts with no failures of intensification, patients with failures in ≥3 quarters showed markedly worse control of blood glucose (A1c 1.4% higher: 95% CI: 0.7, 2.1), hypertension (SBP 22.2 mmHg higher: 95% CI: 16.6, 27.9), and LDL cholesterol (LDL 43.7 mg/dl higher: 95% CI: 24.1, 63.3). These relationships were strong, graded, and independent of socio-demographic factors, baseline risk factor values, and co-morbidities (Table 5) .
CONCLUSIONS
Even in this relatively adherent cohort of diabetic adults enrolled in managed care, with ample time for clinical intervention, optimal control of risk factors was often not achieved.
Over the 24-month interval, control of glycemia and lipids showed modest improvement, but not to target. Blood pressure control showed the least progress. Only those patients with SBP≥160 mmHg at baseline showed any improvement over the 24 months. Control of sub-optimal risk factors is associated with significant declines in mortality and morbidity. For example, each 10-mmHg decline is associated with a 15-32% decline in risk of death. [17] [18] [19] Sub-optimal control was strongly related to three modifiable aspects of primary care: missed visits (lipids showed a nonsignificant effect), failure to monitor even when visits are kept (lipids especially), and failure to intensify therapy, even when visits are kept and monitoring is completed. These relationships were graded and were independent of socio-demographic factors and co-morbidities. Strengths of the study are: (1) a longitudinal design with detailed information on clinical activity from visit to visit; (2) use of a HEDIS-based sample, the traditional reference population for judging quality of care; (3) data from 14 health center locations throughout the state.
Several studies have evaluated changes in A1c, blood pressure, and lipid control in patients with diabetes. [20] [21] [22] All found improvement in risk factors during follow-up, but also identified a substantial percentage of patients who failed to reach targets. While there are many studies evaluating the processes of care, [23] [24] [25] [26] few studies relate these processes of care to outcomes, i.e., relating lack of testing, monitoring, or intensification with ultimate control of risk factors.
20,27-29
We were unable to find any studies that evaluated visit adherence in relation to lipid or blood pressure control in diabetic adults. Two studies have evaluated the effects of appointment adherence on glycemic control. 28 , 29 Karter et al. 29 found 13% of From claims data, we determined overall burden of co-morbidity, using ICD-9 codes and patient demographics to create resource utilization band (RUB) categories using a formula developed at Johns Hopkins University. 16 We then grouped the resultant eight categories into three categories corresponding to low, medium, and high comorbidity patients missed >30% of appointments over 1 year, which was associated with a 0.70%-0.79% higher A1c compared to their visitcompliant counterparts. Rhee et al. also showed an increase of 0.12% in A1c for each missed visit. 28 These studies are consistent with our findings that 10% of patients were non-adherent to visits, and visit non-adherence was associated with worse glycemic control. Since 1980, several studies have evaluated the effects of failure to intensify medications on risk factor control, with generally congruent results. 20, 27, 30 Berlowitz et al. found that intensification of therapy was related to better blood pressure control 27 and that intensification of diabetes medications improved glycemic control over 2 years. 30 Additionally, Brown et al.'s study 20 found a peak in glycemic excursion prior to the addition of the metformin and that patients spent numerous months above target A1c before a therapeutic change was made. Straka et al. 31 found that 70% of subjects who were above the LDL target of 100 mg/dl were not on lipid medications. The Hypertension Optimal Treatment (HOT) trial and United Kingdom Prospective Diabetes Study (UKPDS) trials demonstrated that a 4-and 10-mmHg difference, respectively, in blood pressure control in patients with diabetes resulted in a 66% and 32% decline in mortality, respectively.
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However, our study provides several novel findings. First, while many studies have evaluated the effects of failing to monitor appropriately, [33] [34] [35] [36] no longitudinal study has directly
shown the effects of lack of monitoring on cardiovascular risk factor control after removing patients non-adherent to their visits. As we hypothesized, we found that failure to monitor is associated with poorer glycemic, lipid, and blood pressure control, and further, that lack of adequate monitoring of LDL cholesterol is a significant problem. Second, our study identified blood pressure control as a special problem in diabetes care. Several explanations are likely. First, blood pressure variability may reduce physician confidence in the reading at any particular visit, encouraging "watchful waiting." Such variability, whether from biologic variation, measurement error, or transient stimuli like nicotine and anxiety/white coat hypertension, provides the physician with a 'soft' rationale to delay treatment. [37] [38] [39] [40] [41] [42] In contrast, A1c
and LDL measurements are much less variable. Second, physicians have underestimated the danger posed by mildly elevated blood pressure. In previous studies, physicians have expressed satisfaction with a target BP of 150 mmHg 43, 44 and report reluctance to treat diastolic blood pressures between 90-100 mmHg or systolic blood pressures between 140-160 mmHg. 45 Several limitations of the study also deserve comment. First, because we used the lowest A1c, SBP, or LDL values in the quarter to represent the entire quarter, we may have underestimated the degree of sub-optimal control. Second, the HEDIS-based sample selection process was not designed for 383 adults with type-2 diabetes, we show glycemic, blood pressure, and lipid control over 24 months based on the baseline risk factor category. In the figure, the first value is the lowest value for quarter 1. These values are therefore slightly lower than the baseline 1999 value.
comparing performance between doctors or between facilities. 46 However, analyses with clinic site and provider did not affect the results (Table 6) . Medication side effects, medication costs, complexity of the regimen, polypharmacy, co-morbidity, patients' resistance to intensify therapy, visits for acute care, and time constraints in typical primary care office setting may all play a role in failure to intensify therapy. However, the main finding of this study, the selective failure to intensity SBP therapy, is notable. Third, we cannot exclude the possibility of missing data on visits, monitoring, and medication from outside of the Managed Care Organization network, but this is likely to be small *Mean difference in final values comparing less adherent to more adherent subjects for each of the three analyses. The last reading in 2001 was used as the final value †This analysis was limited to patients who were generally visit-adherent (i.e., had ≥4 visit quarters over 2 years for A1c and SBP, and ≥2 visit quarters in 2 years for LDL). This was based on ADA-recommended guidelines ‡This analysis was limited to patients who were generally monitor adherent (i.e., had ≥4 monitoring quarters over 2 years for A1c and SBP, and ≥2 monitoring quarters in 2 years for LDL). This was based on ADA-recommended guidelines in a staff model Health Maintenance Organization, 47 and in the visit and monitoring compliant population used for the intensification analysis, drug refill compliance was high. Fourth, our data were collected from 1999-2001 and may not be fully generalizable to the present day. Systems changes, including electronic medical record availability and increased awareness of clinical inertia, may have caused an increase in intensification rates by providers since the time of this study. However, a few more recent studies had similar rates of intensification. [42] [43] [44] [45] [46] Further, there has been no change in ADA guidelines up to 2007 with regards to "actionable" values of risk factors. Finally, because we limited our sample to generally adherent patients under the care of academically affiliated physicians, our findings may not be fully generalizable. In summary, failure to appropriately intensify therapy for glucose, lipids, and especially blood pressure is common and leads to poor risk factor control in diabetic adults, even with adherent patients.
Future research evaluating barriers and promoters to intensification, and evaluation of interventions to improve treatment intensification, especially of blood pressure, patient visit adherence, and LDL-cholesterol testing, are urgently required.
